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Abstract. The rapidity dependence of nuclear modifications factor in d-Au collisions at ^/s^n 
200 GeV at RHIC is discussed. 



in 
o 
o 

' Keywords: Nuclear Modification Factor, gluon saturation 

(3JT); PACS: 25.75.Dw,13.85Hd. 

< ■ 

INTRODUCTION 

Particle production at forward rapidities in p(d)-A reactions probes partons in the target 
at low-x values. At sufficient high energy, large rapidities or large nucleii the initial 
gluon distribution will saturate, and is expected to modify the particle pseudo rapidity 
densities, as well as the pj spectra of hadrons. A theory based on QCD has been 
developed for dense low-x systems, termed the Color Glass Condensate (CGC) JU]. 
This description has inspired much theoretical and experimental work, and was also 
a motivation for the BRAHMS measurements of charged hadrons at forward rapidities 
5 ' in 200 GeV d-Au collisions at RHIC. 



RESULTS 



The data reported here were all obtained with the BRAHMS spectrometers. The 
BRAHMS forward spectrometer consists of 4 dipole magnets, 5 tracking chambers, two 
Time-Of-Flight systems and a Ring Imaging Chrenkov Detector (RICH) for particle 
identification. The angular coverage of the spectrometer extends from 2.3° to 15° with 
solid angle of 0.8 msr. The mid-rapidity spectrometer covers angles from 40° and 90° . 
Details of experimental setup can be found in |2D. The collision vertex is determined 
from timing measurements done with a set of symmetricaly placed scintillator counters 
around the beam pipe at 1.5, 4.15 and 6.7 meters [3]. The resolution of the vertex 
determination is ~ 10 cm. This set of counters also provides the minimum bias nor- 
malization. It is estimated that for pp collisions they record 70% of the inelastic cross 
section. Additional details of the setup as well as the analysis can be found in |0, 0] 
where most of the data discussed here were first published. Spectra of charged hadrons 
in d-Au and pp collisions at 200 GeV are presented in Fig. 1 for several pseudorapidities. 
The data at r\ = and 1 are for the average of the positive and negatives charges, while 
the high rapidity data are for negative only. Both the pp and dAu cross sections becomes 
steeper with increasing r\ . 
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FIGURE 1. Spectra for dAu and pp 



The data collected from d-Au collisions is compared to p-p using the nuclear mod- 
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ification factor defined as: RdAu 



1 dpjdi] 



where N co ll lS the number of binary col- 



lisions estimated to be equal to 7.2 ± 0.6 for minimum biased d+Au collisions. The pt 
dependence of the factor is shown in FigEJ Each panel shows the ratio calculated at a 
different r\ value. At mid-rapidity (t] = 0), the nuclear modification factor exceeds 1 for 
transverse momenta greater than 2 GeV/c in a similar, although less pronounced way as 
Cronin's p+A measurements performed at lower energies [5]. 
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FIGURE 2. Nuclear modification factor for charged hadrons at pseudorapidities tj = 0, 1.0,2.2,3.2. 
Statistical errors are shown with error bars. Systematic errors are shown with shaded boxes with widths 
set by the bin sizes. The shaded band around unity indicates the estimated error on the normaliza- 
tion to (N co u). Dashed lines at pr < 1 GeV/c show the normalized charged particle density ratio 

1 dN )dr\{d+Au) 
~Wcou) dN/dnipp) ■ 



A shift of one unit of rapidity is enough to make the Cronin type enhancement 
disappear, and as the measurements are done at higher rapidities, the ratio becomes 
consistently smaller than 1 indicating a suppression in dAu collisions compared to scaled 
pp systems at the same energy. In all four panels, the statistical errors, shown as error 
bars (vertical lines), are dominant specially in the most forward measurements. 
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FIGURE 3. Pseudo rapidity dependence of dN/deta in dAu for 3 centrality bins. 

These results have been described within the context of the Color Glass Conden- 
sate yj]; the evolution of the nuclear modification factor with rapidity and centrality is 
consistent with a description of the Au target where the rate of gluon fusion becomes 
comparable with that of gluon emmission as the rapidity increases and it slows down 
the overall growth of the gluon density. The measured nuclear modification factor com- 
pares the slowed down growth of the numerator to a sum of incoherent p+p collisions, 
considered as dilute systems, whose gluon densities grow faster with rapidity because of 
the abscence of gluon fusion in dilute systems |6]. Other explanations for the measured 
suppression have been proposed and they also reproduce the data 

Some of these other explanations particluar focus on the observation that the charged 
particle pseudo-rapidity density distributions exhibits a change in shape vs. centrality. 
This is illustrated in Fig. 2 by the dashed lines at low pj where the ratios where obtained 
from the BRAHMS data[4] (shown in Fig|3]) and the UA5 pp results 0]. Thus already 
the overall soft spectrum shows suppression when going to forward angles. 

The nuclear modification factor of baryons is different from the one calculated with 
mesons, whenever the factor shows the so called Cronin enhancement, baryons show a 
stronger enhancement. Such difference, seen at lower energies, has also been found at 
RHIC energies at all rapidities, in particular, Fig. |4| presents the minimum bias nuclear 
modification R^Au f° r anti-protons and negative pions at r\ = 3.2. These ratios were 
obtained making use of ratios of raw counts of identified particles compared to those 
of charged particles in each pj bin. This nuclear modification factor was calculated 
from the measured ratios between anti-protons and pions to changed particles for dAu 
and pp and applying these factors to the minimum bias nuclear modification factor for 
negatively charged hadrons[8]. No attempt was made to estimate the contributions from 
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FIGURE 4. The nuclear modification factor R c iau calculated for anti-protons (filled squares) and nega- 
tive pions (filled triangles) at tj = 3.2. The same ratio calcutated for negative particles is shown with filled 
circles, and the systematic error for that measurement is shown as grey band. 



anti-lambda feed down to the anti-proton result. The remarkable difference between 
baryons and mesons has been related to parton recombination ||9|] for heavy ion reactions. 
It is though surprising that this effect in the dA system at forward rapidities where only 
a small soft parton component should be able to account for this increase. 

In summary, particle production from dAu and pp collisions at ^smn = 200 GeV 
and at different rapidities with the BRAHMS setup offers a window to the small-x 
components of the Au wave function. The suppression found in the particle production at 
high rapidities from d+Au collisions may be the first indication of the onset of saturation 
in the gluon distribution function of the Au target. 
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